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abstract 

demonstrated the use of a thermal multi-spectral scanner, integrated on a large payload capacity UAV, 
S over-lhe-horizon via satellite communication telemetry ? uipmc„,._and ^rncidon 

precision navigation Ml ^ SS 

and monitoring strategies regionally and nationally. 


INTRODUCTION 

NASA tasked with developing UAV utility in the aerospace and research community, has embarked on an 

flight-demonsuate r^otely Rioted aucr^ for cOTtreffe^ve ^ien« m^mns^^Furthe^goas^are^ 

Sli§S=S S=ES 

wildfires is enticing (Brass et al., 2001). 


NASA-Ames Research Center (Mo®, Field. 

completed a demonstration of the UA as a wi commun ications telemetry system in real-time to fire 
fires and relaying that information t xoug a sa^ Response Experiment) expenment demonstrated 

management personnel on the ground. The F|ITE(First Hespo ^ payload capacity UAV, a 

the combined use of a thermal mu ti-spec ra geo-rectification, and rapid Internet data 

satellite image data telemetry sySte ^, “ demonstratl o n was a technology follow-on activity to the 
dissemination to disaster managers. T manned platform over a fire in 1997 (Ambrosia et at., 

&mre endeavors w,,h lone ' d ' ,n ‘ ,io " UAV-S “ r,re 

imaging payload platforms. 

The FiRE demonstration was a close collaborMj^ H UW 

General Atomics Aeronautical Systems nc. ( , , Airborne Infrared Disaster Assessment 

airborne platfotm (Figure 0 while NASA^m«»Wtod d* Auri»n« Mr 
System (AIRDAS) thermal infrared scanner tor integration as tne imaging P y 



Fwure 1. The ALTUS* II UAV i. flight dunng the FIRE demonstration mission, September 2001. The 
payload (AIRDAS scanner) is located in the nose of the platform. 


Full system integrations (as well as * 

Operation Facility in El Mirage ^ an em ^ r i!? p « ate iii te telephone terminal and antenna offering ISDN 
modified NERA World Communicator M4 portable swllitei^ptone^rmm Ioc . „f Santir Rosa. 

functionality and pure digital interlace, ^ opemtions b, NASA-Ames and 

California. The telemetry system was mo ie^ ^ GA-ASI. Terra-Mar Resource Information 
integrated into the fuselage fairrng rectification in near real time. The U.S. 

sir; ssrsas ass? u?«- — ^“ d - 

reviewers and provided feedback on the resultant fire image data sets. 



The goals of .he d. “ ng payload and ldemetry equipment on , htgh performance UAV. 

l saremre and over-rhe-honaon 

(OTH) to a computer server. 

4. Provide automated geo-rectification ot the data. 

5. Globally disseminate that data to the Internet and disaster managers. 


The overarching objective was to provide the right 
on these criteria, the FiRE team proposed delivery 
acquisition aboard the UAV . 


information to the right people, at the right time. Based 
of a folly geo-rectified image file within 1 5 minutes ot 


SYSTEMS DESCRIPTION 


is' dipped by GA-AS1 under rhe NASA Aerospace Enterprise ERAST program as a 
^en^cresearchand applications platform. The spec, f, Cions of dre platform are shown m Table 1 


W.u,. . atom,™ - Aeronautical Sysiems. Inc. IGA-AS1) ALTUS» 11 UAV sysiem speaf.ca.tfms. 

IdUfo 1. VJ CUVJ A u . 

Dimensions 

Wing Span 55.3 ft.; Wing Area 132 sq. ft.; Length 23.6 ft., 

_ _■ iitr, ffA il. u/+ m • Max G1 OW 2, 150 lbs. 

Weights 

Propulsion/Fuel 

Max Fuel Wt 5fo) lb, Payload Wt. j JO 10 .; ivmx vj - 

Rotax 914-2T Dual Turbo; liquid-cooled four cylinders. Rated 100 HP (g> 52,000 

Performance 

Max Altitude 65,000 ft.; Endurance: 8 Hours (at 60K) 18 Hourskac Hjrv;, z4 
Honrs fat 25K): Max Speed 100 KIAfo Cruise/Loiter SpeedjaKL^ 

Payload Specs 

Size: 58”L x 26”H x 27” W, (Adaptable); Max Wt. j00 lbs., Payload Power 
Available 1.8 kW _ — _ — — — — — — - — — 

Shipping Size 

Navigation 

Avionics 

FTS 

Landing Gear 

319 L x 48 H x 57 W 

T itton LN-100G INS/GPS (P-Code UFh) — — — 

' GA-ASI PCM, C-Band Line-Of-Sight RF, adaptable for Over-The-Honzon 

' GA-ASI Rocket deploved oarachute and NASAFhght TermmationSystem 

Normal tricycle type retractable landing gear. 


IT « rontrok the UAV communicates with the remote pilot and payload operator via a C-band 

For avionics controls, the UAV comm a)sQ ad table for over-the-horizon (OTH) operations via 

hne-of-sight radio frequency (RF). The a . ir 2 t link is separate from the data telemetry 

(GCS) through a C-Band hne-of S1 S ( n to 1 50 NM In addition to the LOS link, a high data rate 
^tr^r^er-lhihonzon operahons is avatlable and has been used by .he 
military and will be expanded for civilian use shortly. 


AIRDAS Thermal Imaging Payload demonstration. The AIRDAS is 

rues and order n.tnrni and 

man-induced disasters (Table 2)( Ambrosia et al 1994). 


Table 2. AIRDAS System configuration and characteristics for payload operations aboard GA AS 


AT.TUS®IIUAV. 

System Composition: 

Texas Instruments 3 RS-25 thermal line-scanner optics. Non-linear 
detector pre-amplifiers; Sixteen-bit Digitizer; Dichroic filters for 
spectral channel separation. : — 

Control Computer: 

Pentium® I Pro 233 MHz system; On-Board b 1 HERNET. SCSI, Hig 
speed serial ports running QNX OS; Kingston® 18.0 GB removable 
hard drive storage device; Integrated Motorola" Chassis-Mounted GPS 
Receiver; Kennedy® 2-axis gyroscope 

Weight and Power: 

Scan Head: 95 lbs.; Control computer and peripherals, /u ids., 

Requires 28V DC (% 20 amps - 

Sensor Parameters: 

FOV: 108 deg.; 

IFOV: 2.62 milliradians; 

Scan Rate: 4-23 scans/sec.; 

Digitized Swath Width: 720 pixels; 

^natial Resolution: 26 ft. ( 8 m) at 10K ft. — 

Spectral Configuration: 

Channel 1: 0.64-0.71 pm 
2: 1.57- 1.70 pm 

3 . 3 75 _ 4.05 pm (narrowing filter available) 
&■ s SO 1 3 0 pm (narrowing filter available) 


minute temperature differences in pre-heating conditions (Ambrosia and Brass, 1988). 


T . AIRDAS contains an integrated Motorola® chassis-mounted Global Positioning System (GPS) unit 
The AIRDAS contains an integrate inteer ated into the scanner output and delivers encoded 

interfaces to integrate other avionics navigation systems on airframes that acquire such information. 


Signific a nt software Eluded ^ean^ng^he^ys^m^heal^^ta^onTche 

on the ground. Thu AIRDAS fir easily into ,he 
pSoad bay of the ALI US® II, but received minor software modifications to optimize remote instrument 
operations (Figure 2). 




, Thp A1RDAS system integrated into the GA-ASI ALTUS® II UAV payload pod. The scan head 

“fie communications antenna ,s located on the belly of the htsdage, aft 

of the payload bay and ports. 


Remote Operations of Payload , located in the command and control trailer 

The AIRDAS payload operator and all system ™ ? t engineer and acc ess to the same 

the UAV position and select t e op imum initiated the AIRDAS data capture and saved the 

rsSdtvi^"»e^X The Cgation” files wete nec.ssaty fo, AIRDAS ftnage geo- 
rectification. 



Figure 3 ^J^AslSSxontrol Station. The pilot (left) and co-pilot’s seat (right) are located in the 
gS mobile trader Commumcations link between the pilot and the UAV are provided by a C-band 
, a trnl link or Ku band OTH link The operators utilize a moving map display (upper 
L" a UAV ml,ed, forward-looking vrdeo came,, d, splay (lower left), in conjunclion with afticude 
and navigation information (lower right) to maintain the appropnate flight profile. 


"e b r B e “LlC™vft« m denved ftom the NERA mob.le handheld system that communicates 
r wu! Inmarsat series of geo- stationary satellites. The INMARSAT system currently operates at 

SE? K 7itSiS d SKS 

file were sent from the AIRDAS control computer to the NERA system onboard I the U & 
telemetered through a pair of phased array antennas mounted into the skin of ^^sAT ge^sS nZ, 

positioned (in 1 ^^Igure 0 ^) . ^For ^eT^M'^monsttatimv Atlantic 

Op^dng Region - West (AOR-W) satellite located at 54° West longitude over 

Ooeratine Region (POR) satellite at 178° East longitude at the equator were used. The data were the 
telemetered via a File Transfer Protocol (FTP) login to a file server for INTERNET distribution. Indivi ua 
image file transfer procedures required approximately two minutes for full data delivery. 


and E? “iS^CSon da.a file, transmuted via ftom .he ALTUS* II UAV through 
ZSSl?“«etSv^d a, a woLar.on server a, NASA-Ames Research Center, Moft.u Em 
California The data were accessible by fire managers immediately at the UAV FtRE web 
rhttiW/opn arc nasa gov/spe/UAVFiRE/) At the same time, the two data files were used to create 
geo^recfified ^anf se‘ts°using the Te ^ M ar Data Acquisition Control System (DAGS) software package 
The DACS svstem utilizes the aircraft / payload attitude information and a sensor model to geo-rectify 
LtaXng ^ " data is available (Digital Elevation Model (DEM) or Shuttle Radar 

Topographic Mapping (SRTM) data), the geo-rectification improves greatly and the resultant data sets can 
L 3y *ap“ ov“, 8 olhc, regrsnJ files such as maps, Co, in a GIS or used creale 3-D perspecuves ol 

the fire. 







Figure 4 NERA Telecommunications M4 WoridCommunicator portable satellite terminal phased array 
« The antem. common, ca.es with .he INMARSAT series of CO— canons sa.elh.es The 
antennas (one on each side of the UAV fuselage) were oriented at an appropriate intercept angle 

satellite communications. 


FiRE DEMONSTRATION 

TdiLnt to die aircraft runway. The mission plan was for the ALTUS® II to make numerous passes over 
thi controlled bum dunng a one-hour allocated flight and bum time. 

AtTIIS® IT was launched (Figure 5). After attaining planned data collection altitude (600U teet M5 , 
3100 feet AGL) the ALTUS® II flew “racetrack” patterns in an east / west orientation over the contro e 
A to^o five data collection passes were made over the fire and data were relayed to the ground 
Sv4 Son for gecrecufica, ion A, *« same rime, fire managers were able .0 v.ew .he da.a v.a a 
. f n ■ tn the n B asa Ames ser ver with the data displayed on a theater projection system at the GA- 
AM El .mages Lre sen, hack ,o ,he sever and available w„h,n 

ten (10) minutes of being collected (Figures 6, 7 and 8). 


C- < Up AT TT IS® IT UAV containing the NASA-Ames AIRDAS imaging payload following takeoff 
She Flan.es and smoke ton, d* comrCed bnm ,gni«d carhcr 

™ be Ln bebw .he a.rcraft. The aircrah climbed .o al.imde and collected dan, over .he bum 6om 6000 
feet (1830 meters) MSL (~3 100 ft AGL). 



Fieure 6 AIRDAS single band thermal data (band 3, 3. 60-5. 50pm) acquired from 7he GA-ASI ALTUS II 
IIAV flvina at 6000 feet MSL (-3100 ft AGL) over the FiRE controlled bum at El Mirage, California on 6 
Sentember^OOl In this fully geo-rectified scene (note the latitude / longitude tics along image margins), 
X red for mference) can be seen immediately north of the cooler runway. These ^cenes were 
collected, telemetered through the NERA antenna to INMARSAT, sent over the honzon (OTH) 

Ames, geo-recti fied, and redistributed to the web in under 10 minutes of collection 
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Figure 7. AIRDAS data collected from the GA-ASI ALTL~ - --- (P c T ^ The 

AGT i over the FiRE controlled bum at El Mirage, California on 6 September 2001 at 8.47 AM (PST). 

was approximately three minutes. 



Figure 8. AIRDAS tea colleeied from d* GA-ASI ALIUS* II UAV 

AGL) over the FiRE controlled bum at El Mirage, California on 6 September 2001 at 8.47 AM (PST). T he 
«naU fire^ can be seen in the circled area adjacent to the runway. This scene is a spatially- and 
n r-tifipH dataset of Figure 7 Lat/'Long tic marks (visible around the edges of the image) 
we°m automatically inserted for orientation purposes. The total collection, telemetry, geo-rectif, cation, and 
data distribution time was approximately ten minutes. 





The ALTUS* II completed .he FIRE mtssion data collect, on and the aircraft landed a. 9:30 AM I <PST> I and 
L available for v, owing by ,he d, easier managed following system 


RESULTS 

The FiRE project successfully demonstrated the potential for utilizing UAVs for real time disaster 

ofan on board systems engineer. The rapid development of satellite communications (telemetry) played a 

retrieve the data Individual fire event data can be distributed to the responsible on-site management team. 
E X incrilg data-bt, rates, large, mult, -band data sneams can -y bt , **n*^ ~y 
aircraft to anywhere on the globe. Our success at integrating telemetry equipment on the ALTUS II UAV 
X,fo™ .nd y *e potential ,0 tntegrate new. tracking antenn. systems, will greatly advance the f eM of 
rapid data delivery With an increasing-bit-rate / decreasing-cost ratio, the next challenge will 
Z detet bTin the ability to interpret all the information relayed to the manager and to make rapid 
informed decisions during a major disaster such as a wildfire. Improvements to the image qua lty 
delivered prSt will be foremost ,n the next phase of these activities. The disaster mmagers and GIS 
specialist will have to play a key role in defining the vanables they need to make more informed decisions 

during a disaster event. 

The GA-ASI ALTUS® II UAV proved to be a capable platform for this disaster support mission The 
Zuttsft remotely piloted operations facilitates hazardous operations during critical data gathering 
conditions. The capability of UAVs to safely acquire and deliver data 

enhances the disaster management community’s ability to monitor and mitigate a broad range ot disasters. 
Z development a n ^ refinement of remote payload operations enhances the use of those pay toads on 
UAV’s and P other platforms where weight or safety precludes the use of an on-board systems enginee . 
With the ability to switch out pilots easily, the aircraft can remain on-station over a disaster event such as 
fke for extended periods of time. This becomes critical in long duration missions, or where monotonous 
“data collection missions would stress an aircraft pilot. A UAV operates very efficiently wfthm 
theairspace of hazardous fire conditions (unstable air, large obscuring smoke plumes, and possible rugged 
terrain conditions); safety of a pilot operating within that same airspace is at nsk under those conditions. 


CONCLUDING REMARKS 


on the further advancements of UAV, payload, telemetry, and 
Lfolfon ' 7Lss,„g for disaster management The „ex, phase of Iha, research, development, and 
demonstration will involve the use of a GA-ASI ALT AIR U A . 

Th AT TATR® is a scientific variant of the GA-ASI PREDATOR B® UAV for use by NASA and other 
organizations The ALT AIR® has more than an 750 pound (340 kg) internal payload weight capacity, an 
of 32 hours (with 700 lb payload), a dulse I am speed of U il KIAS . an 

50,000 feet (15,244 meters) MSL and a range of over 4000 miles (6437 km). The ALTAIR a. P - 


OTH command and control via a h lg h data rate (500 Kbs) c «ial Krt and satellite (SATMEX 5) 
communications datalink system (GA-ASI ALTAI R Experimenter s Handbook, 2001). 

xn f.rf nroiect team is planning a large-scale demonstration of enhanced disaster management 

management Canada^and ^e Pacific^OcearTto "cotarado 

» commumcations — = » a . £ 

exceed ,he capa^es c um „„ y e m p,o y ed » 

capture tactical fires data over large regions. 



V Q during a potential long-duration mission, collecting thermal 

,he The pia,fon " ,s capabie ° f s “‘ i m,s5,ons 
greater than 24-hours in length and over 4500 nm endurance. 
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